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Methylenecyclopropanes are strained, but remarkably stable, unsaturated carbocycles that have attracted significant interest for their strain-driven reactivity. [1] [2] [3] [4] Typically, these highly strained systems are susceptible to ring-opening reactions [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] , cycloaddition reactions [18] [19] [20] [21] [22] [23] and ring-expansion reactions [23] [24] [25] [26] [27] [28] . They have also proved to be precursors for densely functionalized cyclopropanes via ringretaining C-C [29] [30] [31] [32] [33] [34] [35] [36] [37] and C-heteroatom bond forming reactions to their exocyclic double bond. [38] [39] [40] A range of methods for the synthesis of methylenecyclopropanes exist [4] , [41] , however, relatively few of these consider the synthesis of heteroatomsubstituted structures. Cyclopropenes, bearing an allylic leaving group, can be transformed into methylenecyclopropanes upon nucleophilic attack to the cyclopropene double bond. Such a process is thermodynamically favored due to the relief of strain energy associated with movement of the double bond to the exocyclic position. This approach has been developed for the synthesis of carbon/hydrogensubstituted methylenecyclopropanes [42] [43] [44] [45] [46] [47] , but is also one of the limited ways to prepare heteroatom-substituted systems. One notable example is the strain-driven [3, 3] -sigmatropic rearrangement of cyclopropenylmethyl esters to acetoxy-substituted methylenecyclopropanes by Marek and co-workers (eq 1, Scheme 1) [43] . The groups of Marek [43] and Rubin [47] also reported a [2, 3] -sigmatropic rearrangement of cyclopropenes to provide methylenecyclopropylphosphine oxides (eq 2 and 3, cyclopropylurea I displays anti-HIV activity [48] , II is a kinase inhibitor [49] and phenylcyclopropylamine III is a mono-amine oxidase (MAO) inhibitor ( Figure   1 ). [50] As there are no general methods for the synthesis of nitrogen substituted methylenecyclopropanes there is a need for methodology to allow their preparation.
To address this gap, we hypothesized that an allylic trichloroacetimidate rearrangement (Overman rearrangement) of cyclopropenylmethyl trichloroacetimidates (eq 4) should afford 2,2,2-trichloro-N-(2-methylenecyclopropyl)acetamides.
The Overman rearrangement is a powerful method for converting allylic alcohols to allylic amines. Typically, allylic trichloroacetimidates undergo either thermal or Pd(II)-catalyzed rearrangement to allylic trichloroacetamides that may be subsequently transformed into allylic amines by hydrolysis. [51] [52] The thermal conditions typically require xylenes at reflux, however, we hypothesized that the strain relief associated with a cyclopropenylmethyl trichloroacetimidate undergoing rearrangement to a 2,2,2-trichloro-N-(2-methylenecyclopropyl)acetamide would allow the reaction to occur without a catalyst and without the need for high temperatures.
Herein, we report the successful catalyst-free rearrangement of these systems at ambient temperature. trichloroacetimidates was subjected to rearrangement ( Table 2 ). It can be observed that derivatives with electron-rich (3d-e) and heterocyclic (3b) aryl groups underwent efficient rearrangement. Halogen-substituted phenyl groups were well tolerated (3a and 3g), as was ortho-substitution (3g). Highly electron-deficient aryl nitrosubstituted systems however, did not undergo rearrangement at all and just provided recovered starting material. This lack of reactivity is likely due to the electrondeficient aryl groups disfavoring the development of positive charge in the transition state at the oxygen-bearing carbon. This observation, coupled with the higher reactivity of electron-rich aryl groups, suggest the possibility of a transition state with ionic character. Curiously, the dodecyl aldehyde-derived cyclopropenylcarbinol 1j
could not be converted to the corresponding imidate despite extended reaction times and excesses of reagents [53] . [55] and HIV-1 reverse transcriptase inhibitors [48] . Interestingly when bench grade DMF, which contained traces of water, was used a 2-oxaacetamide 6 can be formed in a moderate yield. [56] Given the potential of methylenecyclopropanes 3 as precursors to nitrogensubstituted cyclopropanes, a catalytic hydrogenation was also attempted in order to provide the saturated system. Hydrogenation initially yielded a mixture of reduction products identified as various dehalogenated cyclopropanes. Fortuitously, with extended reaction times, hydrogenation yielded the monochloro amide 7 as a 2.5:1 mixture of diastereoisomers in 41% yield. Of note is the remaining chloride in 7,
representing a useful handle for further functionalization by substitution or coupling chemistry.
Scheme 2. Catalytic hydrogenation of methylenecyclopropane 3f to yield saturated amidocyclopropane 7.
We also briefly investigated the Overman rearrangement of cyclopropenylmethyl trichloroacetimidate 9 bearing a gem-dimethyl group at C-3.
While the trichloroacetimidates 9 could be readily prepared, they underwent rapid hydrolytic ring-opening in the presence of silica-gel to form allenylcarbinol 10. This reaction pathway is highly favored due to the stabilization of the allenyl cation by the gem-dimethyl group in conjunction with the relief of ring-strain. Indeed, we have previously demonstrated that related cyclopropenylmethyl acetates undergo ringopening to allenyl cations 11 in the presence of TiCl 4 .
[57]
Scheme 3. Formation of allenylcarbinols 10 by silica gel-induced hydrolytic ringopening of acetimidate 9 via allenyl cation 11.
Conclusion
In summary, we have developed a method for the preparation of functionalized nitrogen-substituted methylenecyclopropanes via an Overman rearrangement. There are currently no general methods available for these structures, which as we have shown have some potential as precursors to cyclopropylureas.
These rearrangements occur under very mild conditions by virtue of strain-relief and also occur with complete stereoselectivity to give the E-methylenecyclopropanes. We have also described initial studies on the manipulation of these systems and divergent reactivity towards the formation of allenyl carbinols when cation-stabilizing groups are present.
Experimental Section

General Methods
Unless otherwise stated all reactions were carried out under an argon or nitrogen atmosphere in dry glassware. Reactions were monitored by TLC using glass-backed silica gel plates or by GC and GC/MS Compounds were purified using flash column chromatography or by radial chromatography with a Chromatotron®. Reaction solvents were obtained from a solvent purification system having passed through anhydrous alumina columns. nBuLi was titrated against diphenylacetic acid prior to [59] , and (4-bromophenyl)(2,3,3-trimethylcycloprop-1-enyl)methanol 8b [59] were synthesized and characterized as previously reported.
Other reagents were commercially available and used without further purification.
The following abbreviations were used to describe 334.0157.
1-[(E)-2-(4-Bromophenyl)methylidene-1-methylcyclopropylamino]-2,2,2-trichloro-1-ethanone (3a
1-[(E)-2-(4-Methoxyphenyl)methylidene-1-methylcyclopropylamino]-2,2,2-trichloro-
1-ethanone (3d
1-[(E)-2-(4-Methylphenyl)methylidene-1-methylcyclopropylamino]-2,2,2-trichloro-1-
ethanone (3e). From 1e as an off white semisolid after purification with 30%
ethylacetate: hexanes; 281 mg, 98% yield over two steps. Imidate: 
1-[(E)-2-(3-Methoxyphenyl)methylidene-1-methylcyclopropylamino]-2,2,2-trichloro-
1-ethanone (3f
1-[(E)-2-(2-Chlorophenyl
1-{(E)-2-[(4-Bromophenyl
1-{(E)-2-[(3-Methoxyphenyl)methylidene]-1-methylcyclopropylamino}(1-pyrrolidinyl)formaldehyde (5f
